We present Keck/OSIRIS infrared IFU observations of the z = 3.153 sub-DLA DLA2233+131, previously detected in absorption to a background quasar and studied with single slit spectroscopy and PMAS integral field spectroscopy (IFU). We used the Laser Guide Star Adaptive Optics (LGSAO) and OSIRIS IFU to reduce the point-spread function of the background quasar to FWHM∼0. 15 M . We make several estimates of star formation rate using [O III]λ5007 and Hβλ4861 emission, and measure a star formation rate of ∼ 7.1 − 13.6 M yr −1 . We map [O III]λ5007 and Hβλ4861 emission and the corresponding velocity fields to search for signs of kinematic structure. These maps allow for a more detailed kinematic analysis than previously possible for this galaxy. While some regions show slightly red and blue-shifted emission indicative of potential edge-on disk rotation, the data are insufficient to support this interpretation.
INTRODUCTION
Studying galaxies at high redshift has always been challenging given the great distances and natural dimming of galaxies' light. While some galaxies have now been detected in emission at extremely high redshifts (for example, Genzel et al. 2006) , these studies can only probe the highest luminosity, most rapidly star-forming galaxies. These galaxies are likely not representative of the galaxy population as a whole; the bulk of the galaxy population is forming stars at a much more modest rate, and thus cannot be probed directly by extremely highredshift studies.
To have a complete picture of galaxy formation and evolution, a more representative sample of the galaxy population is needed. Damped Lyman alpha systems (DLAs) are an ideal candidate for probing the typical galaxy population. DLAs contain the bulk of neutral hydrogen in the z ∼ 2 -5 universe, the raw material for star formation, and are thought to be the progenitors of modern spiral galaxies (Wolfe et al. 2005 ). DLAs are defined by their column density in neutral hydrogen, and are detected in absorption to background light sources, typically quasars. The first large survey of DLAs was completed by Wolfe et al. (1986) and since then, thousands have been studied in absorption (see Blanton et al. 2017 for an overview). Absorption studies provide detailed information about redshift, neutral hydrogen column density, and metallicity. However, nearly all absorption line studies are inherently limited in scope because they probe only a single line of sight through a given galaxy.
In an effort to remediate the problems inherent with absorption-line-only studies, practitioners have been trying to detect DLA galaxies directly in emission for many years. This is a tremendously difficult task, given the difficulty of detecting relatively faint foreground emission towards a much brighter background quasar (i.e. Lowenthal et al. 1995; Bunker et al. 1999; Kulkarni et al. 2000 Kulkarni et al. , 2006 Christensen et al. 2009 ). To date, only ∼ 15 z > 2 DLAs have been detected in emission (see Krogager et al. 2017 for a summary). Most of these targets were detected in single slit observations, requiring fortuitous slit placement and providing limited information on the total fluxes, star formation rates (SFR), and kinematics of the emission.
Technological advances made in the past two decades, in form of Integral Field Units (IFUs) on 10-meter class telescopes assisted by laser guide star adaptive optics (LGSAO) systems, are now enabling the direct detection of these elusive galaxies. While progress is slow, given the relatively small fluxes and correspondingly long exposures required (see for example Jorgenson & Wolfe 2014) , this is an important task not only for gaining a complete understanding of the bulk of the high−z galaxy population, but also in preparation for similar studies that will be made possible (and more efficient) with space telescopes such as James Webb Space Telescope.
In this paper, we present observations using the Keck/OSIRIS IFU (Larkin et al. 2006 ) with LGSAO to target the super Lyman limit system, or sub-DLA, DLA2233+131, with N(HI) = 1 × 10 20 cm −2 . We note that this column density is just under the DLA threshold of N(HI) = 2 × 10 20 cm −2 , although DLA2233+131 is most often referred to as a DLA in the literature. We will do so here for consistency.
DLA2233+131 is a well studied system -first discovered by Sargent et al. (1989) , who reported the DLA redshift of z = 3.153. DLA2233+131 was first detected in emission by Steidel et al. (1995) who performed deep broadband imaging of a sample of Lyman limit systems in order to search for the counterparts of known Lyman Limit systems. Steidel et al. (1995) report the detection of R band stellar continuum from a system located 2.9 from the background quasar Q2233+131. Several more reports of emission followed, including Djorgovski et al. (1996) , who report the detection of DLA2233+131 in both stellar continuum and in Lyα line emission located 2.3 away at PA = 159
• from the quasar line of sight. Warren et al. (2001) and Møller et al. (2002) report HST/NICMOS imaging of DLA2233+131 with magnitude H AB =25.05 located 2.78 away from the background quasar at PA=158.6
• . Finally, Christensen et al. (2004) used the Potsdam Multi Aperture Spectrophotometer (PMAS) to measure extended Lyα flux of DLA2233+131, with a total flux of (2.8 ± 0.3) × 10 −16 erg cm −2 s −1 measured over an area 3×5 . Christensen et al. (2004) estimate the star formation rate (SFR) to be 19 ± 10 M yr −1 and conjecture that the extended flux may be powered by a star formation fueled outflow from the DLA galaxy. Christensen et al. (2007) perform higher spectral resolution PMAS observations resulting in Lyα flux of (9.6 ± 2.5) × 10 −17 erg cm −2 s −1 , consistent with the previous Djorgovski et al. (1996) measurement (see Table 3 for a summary of previous work).
In this work, we map the flux and velocity field of [O III] and Hβ emission from DLA2233+131 in order to look for kinematic signatures that may help reveal the underlying nature of the galaxy. The paper is organized as follows: We describe the observations and data reduction process in Section 2. In Section 3 we discuss the details of the analysis of the final spectral cube. We place these results in a larger context in Section 4, before summarizing in Section 5. Throughout the paper we assume a standard lambda cold dark matter (ΛCDM) cosmology based on the final nine-year WMAP results (Hinshaw et al. 2013) in which H 0 = 70.0 km s −1 Mpc −1 , Ω m = 0.279 and Ω Λ = 0.721.
OBSERVATIONS
Observations were made with the Keck/OSIRIS (Larkin et al. 2006 ) infrared integral field spectrograph and the Keck I LGSAO system on 2014 July 18, using the broadband Kbb filter that covers 1965 to 2381 nm. This wavelength range covers the redshifted wavelengths of [O III] and Hβ emission from DLA2233+131 at z ∼ 3.15. Unfortunately, Hα emission is redshifted out of the observable OSIRIS wavelength range. We used the 100 mas plate scale, giving a 1.6× 6.4 field of view. The average spectral resolution for OSIRIS in this configuration is R ∼ 3000 (100 km s −1 ), with small variations from spaxel to spaxel.
We aligned the detector at a position angle of PA = 158.45
• East of North (Weatherley et al. 2005) , in order to detect both the quasar and the peak of DLA emission in a single exposure. To maximize on-target efficiency, we used an A-B observing pattern, shifting the quasar and DLA emission pair from the bottom half of the of field of view to the top half of the field of view for each exposure. This observing pattern allowed us to use each alternate exposure as the sky-frame for the previous ontarget frame. The field of view is effectively halved after sky background subtraction, but the on-source observing time is doubled, increasing the likelihood of detecting faint, extended emission. In total, we obtained 13 × 900 second exposures, for a total on-source exposure time of 3.25 hours.
We chose a star within 50 with R<17 to make tip tilt corrections. Observations were made in good weather, with effective seeing, after LGSAO corrections, of 0.15 .
Data Reduction and Flux Calibration
Observations were reduced using a combination of the Keck/OSIRIS data reduction pipeline (DRP) and a set of custom IDL routines, similar to the procedures outlined in Law et al. (2007 Law et al. ( , 2009 ) and Jorgenson & Wolfe (2014) . The DRP was used for standard reduction and extraction of three-dimensional spectral cubes from the raw data.
We then took the following additional steps:
1. Background sky subtraction. We used the OSIRIS DRP background sky subtraction routine to perform the A-B subtraction as previously described.
2. Second pass sky subtraction. To reduce the effects of variable skylines, we calculated the median flux value at each spectral channel and subtracted it for each spaxel. This subtraction sets the median flux value to zero for all spectral channels.
3. Flux calibration and telluric correction. We applied telluric corrections using the telluric standard observation taken closest in time to the science exposures. We use the 2MASS photometric magnitude of the tip tilt star to flux calibrate the data. First, we calculate the correction factor needed to reproduce the 2MASS magnitude from the observed spectrum of the tip tilt star. We then apply this correction factor to the spectra in each science frame. The uncertainty in the absolute flux calibration of LGSAO observations is estimated at ∼ 30 % (see Law et al. 2009 for further discussion).
4.
Mosaicking. We used the OSIRIS module Mosaic Frames to combine all of the science frames into a single spectral cube, using the peak emission of the quasar to align the individual frames for mosaicking. The frames were combined using the sigmaclipping average routine meanclip2. Because of the A-B observing pattern and subtraction scheme, this final spectral cube contains a positive central region with negative regions to either side. The positive central region is considered the science region, and only positive spaxels were used for the final analysis. The final spectral cube is shown in Figure 1 summed over a ∼ 5Å wavelength regime centered on [O III]λ5007 emission. Figure 1 visually highlights the background subtraction scheme and the resulting science region.
5.
Oversampling. As done in Law et al. (2007 Law et al. ( , 2009 , we oversampled the spectral cube in order to increase the signal-to-noise ratio in each spaxel, so that we may detect faint, extended emission. We spatially resampled the spectral cube to 0.05 per pixel, and then smoothed with a Gaussian kernel with FWHM=4 pixels. The smoothing FWHM is approximately equal to that of the quasar's PSF in the oversampled cube, 0.15 .
6. Normalization. We normalized the continuum in the spectral cube to zero by first choosing a broad noise region on either side of the [O III]λ5007 emission line, then finding the median continuum value in those two regions for each spaxel. The median continuum value was then subtracted from each spaxel.
7. Wavelength solution. We checked the wavelength solution using a representative summed spectrum of a background sky region of the cube to ensure that known skylines were consistent with those observed. No correction was necessary.
8. Heliocentric correction. We corrected the spectra for the heliocentric motion of the earth using the IRAF package rvcorrect. All wavelengths and redshifts are reported in the heliocentric vacuum frame, with redshifts being determined using the rest-frame vacuum wavelengths of the emission lines.
9. Determination of spectral resolution. We estimated the spectral resolution by measuring the FWHM of OH-skylines that are near in wavelength to the redshifted [O III] emission lines. We measured the average FWHM of skylines to be ∼101 km s −1 , very close to the expected average resolution of 100 km s −1 . Reported velocity dispersions have been corrected for this instrumental FWHM by subtracting it in quadrature.
ANALYSIS
In this section, we describe the analysis of the final spectral cube.
[O III] Flux and Luminosity
Given the extended nature of the [O III]λ5007 emission, we measure the total [O III]λ5007 flux in two ways. First, we create a composite spectrum that maximizes the S/N of the detected emission. This composite spectrum, shown in Figure 2 , was created by summing the spaxels over a circle of radius 0.3 centered on the bright central core of [O III]λ5007 emission, omitting faint and extended emission. From this 'S/N-maximizing' spectrum we report best-fit redshift, line width, and S/N, using a best-fit Gaussian and report the results in Table 1. The uncertainties are calculated by performing a Monte Carlo analysis, in which we perturb the original spectrum using values drawn from a uniform distribution based on the measured noise, and then re-calculate the Gaussian fit. We repeat this procedure 10,000 times and consider the standard deviation of the resulting line centroids and line widths to be the uncertainty in the measurements. The noise is taken to be the standard deviation of the residual, after subtracting the Gaussian fit, in ± 5Å around the wavelength of peak emission (region shown in green in Figure 2 ).
Second, we create a composite spectrum that includes all of the detectable, faint, extended emission, in order to report the maximum total detected flux (albeit with a lower S/N due to the inclusion of increasingly noisy, faint emission regions). This spectrum, summed over a 1.2 × 0.8 region, includes all observed emission while carefully excluding the negative of the quasar emission. We use this second, 'flux-maximizing' composite spectrum to report the total detected [ Figure 3 . Based on a Gaussian fit to the emission line in this composite spectrum, we report a best-fit redshift z = 3.1518 ± 0.01 and measure S/N=3.1.
We use a flux-maximizing spectrum summed over a 1.0×0.75 rectangle to measure the flux of Hβλ4861 emission. We measure F Hβλ4861 = (6.8 ± 3.6) × 10
41 ergs s −1 (not corrected for dust). Adopted line diagnostics and flux measurements of Hβλ4861 emission are summarized in Tables 1 and 2 respectively. c Velocity difference between z HIRES and the given transition.
d Hβ emission is unresolved after instrumental smoothing.
Star Formation Rate Estimation
The star formation rate (SFR) is typically estimated using Hα emission, as in the Kennicutt (1998) calibration that relates L Hα to star formation rate,
Unfortunately, for DLA2233+131 the Hα emission is redshifted out of the Keck/OSIRIS filter range. Therefore, we estimate the star formation rate using [O III] or Hβ emission. There are three ways that we can estimate the star formation rate:
1. Adopt the standard Balmer ratio, Hα/Hβ = 2.8, to convert L Hβ to L Hα , and then proceed with the Kennicutt (1998) relation. With this method, we find a star formation rate of 13.6 ± 7.1 M yr −1 .
2. Follow the method outlined in Suzuki et al. (2015) and assume that [O III]/Hα ∼ 2.4 (the maximum value for local star-forming galaxies), then proceed with the Kennicutt (1998) relation to estimate a lower limit star formation rate. With this method, we find that the lower limit of the star formation rate is ∼ 7.1 ± 1.6 M yr −1 .
3. Follow the method outlined in Weatherley et al. (2005) and assume that [O III]/Hα ∼ 1.67 for DLA2233+131, then proceed with the Kennicutt (1998) relation. With this method, we find a star formation rate of ∼ 10.3 ± 2.5 M yr −1 .
Each of these methods comes with their own set of assumptions and large inherent uncertainties. However, we note that the three methods provide estimates that agree within errors (except the Suzuki et al. (2015) method, which is a lower limit). There is no clear argument for which method is the most accurate. Kennicutt (1992) found a large scatter between L Hα and L [O III] for a sample of nearby galaxies, and recommended against using [O III] emission as an indicator of star formation rate at all for this reason. On the other hand, Weatherley et al. (2005) suggest that differences in metallicity and ionization parameter within the sample of galaxies could account for this scatter. Further, Weatherley et al. (2005) calculate [O III]/Hα as a function of these parameters using relations from Kewley & Dopita (2002) , and then estimate [O III]/Hα for DLA2233+131 by using its known metallicity and assuming ionization parameters similar to Lyman break galaxies. We have estimated the SFR of DLA2233+131 with each of these methods and present a comparison to other measurements in Section 4.
We note that the ratio of Hα/Hβ, used in the first method of calculating a star formation rate, is sensitive to dust extinction. However, as DLAs are relatively lowmetallicity systems, with typical metallicities ∼ 1/30 th solar (Rafelski et al. 2012) , they are generally considered to be unaffected by dust. Furthermore, Rafelski et al. (2012) found that the [α/Fe] ratio of DLAs is relatively constant at low metallicity, noting the absence of expected effects from dust depletion in their sample. While DLA2233+131 has a metallicity of ∼ 1/10 th solar (see section 4.1), and is therefore more metal-rich than the typical DLA, it is still relatively metal-poor with respect to solar, and therefore we consider the assumption Hα/Hβ= 2.8 to be reasonable.
3.4. Spatial mapping of intensity, velocity, velocity dispersion, and signal-to-noise ratio To map the emission and search for kinematic signatures, we fit a Gaussian to the expected location of emission in each individual spaxel in the science region of the data cube and compared the chi-squared result to that of a fit with no emission line. We require a minimum of 1σ for detection. Additionally, we perform a visual inspection of the spectrum in each spaxel and reject spaxels where the spectrum appears to be dominated by noise features or spikes, or where the emission features are not well fit by a Gaussian. If no line is detected or any quality check is failed, we do not report a detection and the spaxel is black in the emission maps. All spaxels where we find a credible detection are displayed in Figure 4 and Figure 5 . -Composite spectrum over a 0.3×0.3 region centered on the peak of Hβ emission. The Hβλ4861 emission is shown with a best-fit Gaussian overlaid in red. The best-fit redshift of the Hβλ4861 emission is z = 3.1518, indicated here by the vertical red dashed line. Cyan hashed lines indicate strong atmospheric OH emission features, which can leave residuals. The mean noise in the spectrum, ± 1σ, is shown with horizontal dashed gray lines. In the region of the spectrum used for noise calculations, these lines are overlaid with green.
For spaxels where emission is detected, we calculate a best-fit flux, velocity (relative to the best-fit redshift determined from the composite spectrum of the emission region), velocity dispersion, and signal to noise ratio. Velocity dispersion values have been corrected for the instrumental resolution by subtracting instrumental FWHM in quadrature. In this way, we generated twodimensional maps of the [O III]λ5007 and Hβλ4861 emission, which we present in Figure 4 We measure the S/N of the line detection in each spaxel by subtracting the Gaussian fit from the spectrum and taking the standard deviation of the residual to be the noise in that spaxel. The S/N ratio is the ratio of the amplitude of the best-fit Gaussian in that spaxel to the measured noise.
In some spaxels, the instrumental resolution is greater than the FWHM of the Gaussian fit to the emission line, resulting in a nonreal value when we remove instrumental resolution in quadrature. Emission in these spaxels is unresolved. We are able to measure intensity, velocity, and S/N ratio, but not velocity dispersion. For this reason, these spaxels are black in the velocity dispersion maps.
RESULTS
In this section, we place these measurements in the context of previous observations of DLA2233+131 and other high-z DLAs and sub-DLAs. We summarize these current results in Table 2 . 
Metallicity
In the literature, DLA2233+131 is most commonly referred to as having a metallicity of [Fe/H] 5 = -1.4 based on Lu et al. (1997) estimation from their Keck/HIRES spectrum. We reanalyzed the Keck/HIRES spectrum and followed the procedure of Rafelski et al. (2012) for estimating DLA metallicities. Unfortunately, transitions of the preferred ions of O, S, Si and Zn are either saturated, heavily blended, or not covered in the Keck/HIRES spectrum, leaving us to estimate the metallicity from the unsaturated FeII transition (see Figure 6) . We use the AODM technique (Savage & Sembach 1991) (Rafelski et al. 2012) . We note that the potential depletion of Fe, which is larger in higher metallicity systems, may mean that this estimation is, strictly speaking, a lower limit on the metallicity of this system. 
Discrepancy with previous flux measurements
We note that the flux we measure is not in agreement with that of Weatherley et al. (2005) , who measured [O III]λ5007 flux of 6.78 ± 0.5 × 10 −17 ergs s
. This discrepancy may be due to the location of the DLA emission. The emission region is very close to the edge of the field of view. It is possible that the observations presented here do not capture the full extent of emission, resulting in a flux measurement that is lower than that of Weatherley et al. (2005) .
Given this discrepancy, we perform two additional tests of the fidelity of the flux estimation. First, we model the potential loss of flux due to the DLA emission being close to the edge of the science region. In this model, we assume that there is a faint, extended "arm" of emission that mirrors the 'arm' we observe to the left of the central core of emission. We measure the flux in the summed spectrum of the left 'arm' to be (6.4 ± 2.3)×10 −18 ergs s −1 cm −2 . This summed spectrum is taken over a 0.75×1.2 area directly to the left of and just excluding the central core of the emission region. We assume that an equal amount of flux may be located outside the field of view to the right of the DLA and add it to the original flux measurement. This results in an estimated total flux of (3.0 ± 0.55)×10 −17 ergs s −1 cm −2 , with a 1-σ upper limit, accounting for the additional ∼ 30% flux calibration uncertainty, of 4.7 × 10 −17 ergs s −1 cm −2 . This adjusted flux estimate is in better agreement with that of Weatherley et al. (2005) .
Second, we verify the flux calibration by calculating the flux of the observed standard star using the same procedure we apply to the DLA emission (see §2.1, bullet point 3). As a result, we reproduce the 2MASS magnitude of the standard star to within 10%.
Star formation rate
We estimate the star formation rate in three different ways using [O III] and Hβλ4861 luminosities: one by using the standard Balmer ratio to convert Hβ to Hα luminosity, and two by assuming a value of [O III] /Hα (described in detail in §3.3). We find SFR values ranging from 7.1 M yr −1 to 13.6 M yr −1 .
There are two previous estimates of SFR for this galaxy. With the method outlined above, Weatherley et al. (2005) find that DLA2233+131 has a star formation rate of 28 M yr −1 , and suggest that this method is accurate to within a factor of 2. The discrepancy between the Weatherley et al. (2005) measurements and those presented here stems from a difference in measured flux as discussed in §4.1. Christensen et al. (2004) also provides an estimate of the SFR, but based on measured Lyα flux and the assumption that Lyα/Hα ∼ 10. This assumption makes it possible to convert Lyα flux to Hα flux and calculate the SFR based on the Kennicutt (1998) There are some estimates of star formation rates for other DLAs in the literature. For redshift 2 ≤ z ≤ 3, DLAs have star formation rates spanning 2 M to 17 M (Jorgenson & Wolfe 2014; Krogager et al. 2013; Fynbo et al. 2010; Péroux et al. 2012; Srianand et al. 2016) . The measurements presented here are well within the range of previously measured SFR for DLAs. 
where C = 5 for a uniform sphere (Erb et al. 2006) , σ net = 42.0 km s −1 , and r is the radius of emission. σ net is an overall velocity dispersion, measured from the Gaussian fit to the [O III]λ5007 composite spectrum (see §3.1 and Figure 2 for a description of the composite spectrum). We estimate visually that the radius of emission for this DLA is 0.2 , or 1.5 kpc. We use [O III]λ5007 emission to estimate the emission radius because it is the strongest line we observe. Estimating the radius of emission using the less-extended [O III]λ4959 or Hβλ4861 emission would be likely to under-estimate the dynamical mass.
Based on this estimate of emission radius, we find dynamical mass M dyn = 3.1 × 10 9 M . There are few estimates of dynamical mass for DLAs and sub-DLAs in the literature: Srianand et al. (2016) found M dyn ∼ (1 − 6) × 10 9 M for a DLA at z = 2.9791, Jorgenson & Wolfe (2014) and Krogager et al. (2013) measured M dyn ∼ 6.1 × 10 9 M and M dyn ∼ 2.5×10 9 M respectively for the same z = 2.35 DLA, and Bouché et al. (2013) found M dyn ∼ 2×10 10 M for a z ∼ 2.3 DLA. These estimates for DLA galaxies, including DLA2233+131 presented here, are generally consistent with the dynamical mass of star-forming galaxies at high redshift, estimated to be 3 × 10 9 M ≤ M dyn ≤ 25 × 10 9 M by Law et al. (2009) . The dynamical mass of DLA2233+131 falls into the low end of this range.
At a lower redshift range, 0 ≤ z ≤ 1, DLA and sub-DLAs have similar dynamical mass ranges, spanning 7.9×10 9 M to 7.9×10 10 M (Péroux et al. 2016 (Péroux et al. , 2011 Chengalur & Kanekar 2002) .
Gas mass estimates
We estimate the gas mass of the galaxy using the Kennicutt-Schmidt relation (Kennicutt 1998) . We first estimate the star formation rate surface density by dividing star formation rate by the area over which we detect (Weatherley et al. 2005) , while the cyan, blue, and violet bars indicate the the offsets of previous Lyman-α emission detections (respectively, Djorgovski et al. (1996); Christensen et al. (2004 Christensen et al. ( , 2007 ) as summarized in Table 3. Given the large FWHMs of the Lyman-α we have indicated them here with 30 km s −1 -wide bars for clarity.
[O III]λ5007 emission. We can then use equation 4 from Kennicutt (1998) to convert Σ SF R to Σ gas ,
and convert the gas mass surface density to a total gas mass by multiplying it by the area of the emission region. For the estimates of star formation rates for DLA2233+131 detailed in section §3.4, we find, 3.8 × 10 9 M ≤ M gas ≤ 4.9 × 10 9 M . This estimate is lower than the average gas mass for z ∼ 2 star-forming galaxies, measured by Erb et al. (2006) as M gas = 2.1±0.1×10 10 M . It is the same order of magnitude as measurements of gas mass by Jorgenson & Wolfe (2014) and Krogager et al. (2013) for the same z ∼ 2.3 DLA of M gas = 4.2×10 9 M and 1 × 10 9 M respectively. We estimate the gas fraction of DLA2233+131,
to be f gas 0.6, also similar to those found in Jorgenson & Wolfe (2014) and Krogager et al. (2013) . emission is more extended and has approximately circular morphology, while the Hβλ4861 emission is less extended and slightly elongated in shape, albeit at a lower signal to noise ratio. While the circular morphology is consistent with a face-on disk, the red-and blue-shifted clumps could indicate disk rotation viewed edge-on. One apparent kinematic axis presents itself. To assess quantitatively whether a rotational signature appears in these maps, we lay down an artificial slit along this kinematic axis, shown in Figure 7 . The slit width is 0.15 , matching the LGSAO-corrected seeing, and we sample 0.07 regions to extract velocity and velocity dispersion.
Moving along the slit from the peak of the emission at velocity v = 0 km s −1 (indicated by the centroid of the contours), to the upper left is a redshifted clump at v ∼ 25 km s −1 . To the lower right is a blueshifted clump at v ∼ -40 km s −1 . While these features are reminiscent of a rotating disk viewed edge-on, we observe ∆v rot ∼ 65 km s −1 , which is small compared to v rot for a rotating disk galaxy. Additionally, the observed velocity dispersion is not consistent with this interpretation. In an edge-on rotating disk model, one would expect to see the velocity dispersion peak at the center of emission. As can be seen in Figure 7 , the velocity dispersion (red diamonds) remains high across the emission region. Even if the velocity dispersion were consistent with a rotating disk, an analysis along a single kinematic axis would be inconclusive at best.
Kinematic Summary and Analysis
In Table 3 and Figure 6 we summarize the emission line measurements of DLA2233+131, including all previous measurements from the literature and those of the current work.
We note when discussing these results that a direct comparison between Lyα emission and nebular lines like [O III]λ5007 is not immediately instructive because the Lyα line is affected by resonant scattering, which affects the shape of the emission line profiles. Rather, we discuss these previous studies to provide a comprehensive overview of this DLA.
Other studies of DLA2233+131 have also been inconclusive with regard to kinematics. Djorgovski et al. (1996) observed DLA2233+131 in Lyα emission via single slit spectroscopy. The emission was measured 2.3 from the quasar at position angle 159
• , which is consistent with the observations presented here. The authors measured the peak of Lyα emission at z = 3.1530±0.003, which corresponds to rest frame ∆v = 208 km s −1 relative to the centroid of the absorption system at z = 3.14927. While the Djorgovski et al. (1996) measurement of ∆v is consistent with v rot for a normal disk galaxy, it is insufficient evidence to conclude that the rotating disk interpretation is correct.
Similarly, Christensen et al. (2004) explored the possibility of disk rotation in DLA2233+131 with an analysis of composite spectra representing large regions of the 3×5 field of view. Upon breaking the field of view into four sub-regions and measuring the shifts between the emission peaks in the east-west and north-south regions of the field, the authors find shifts of 2.5Å (∼ 150 km s −1 ) and 5Å (∼ 300 km s −1 ) respectively. While these velocities may be consistent with v rot for a disk galaxy, more conclusive evidence is needed to support the rotating disk interpretation. Christensen et al. (2004) instead speculate that DLA2233+131 has multiple emission regions based on the observed double-peaked Lyα emission. The possible clumpy nature of DLAs is discussed further in Augustin et al. (2018) .
To date, no observations of DLA2233+131 including those presented here, have yielded evidence that is conclusively in favor of an edge-on rotating disk.
SUMMARY
We present Keck/OSIRIS IFU observations of DLA2233+131, a z = 3.153 sub-DLA, or super Lyman limit galaxy. With the use of LGSAO, we are able to marginally resolve extended [O III]λ5007 emission from DLA2233+131 with S/N=13.2. Further, we detect and report unresolved [O III]λ4959 and Hβλ4861 emission with S/N=1.8 and 3.1 respectively. We find a dynamical mass M dyn = (0.24 − 4.24) × 10 9 M and estimate a star formation rate using both [O III] and Hβ emission, finding SFR ∼ 6.5 − 9.4 M yr −1 . With these marginally spatially resolved observations, we are able to map the [O III]λ5007 and Hβλ4861 emission to search for kinematic signatures that may help to determine the nature of the host galaxy. While DLA2233+131 does display small clumps of red-and blue-shifted emission, which initially seem indicative of possible edge-on disk rotation, a careful analysis shows them to be inconsistent with the interpretation of an edge-on rotating disk. These observations demonstrate, along with those of Jorgenson & Wolfe (2014) , the use of Keck/OSIRIS + LGSAO for spatially resolving faint DLA emission, particularly the potential for performing a detailed kinematic analysis that is clearly necessary for understanding the true nature of these enigmatic galaxies.
